The systematic relationships among 54 strains of bacteria, representing principally the genera Achromobacter, Aerobacter, Alcaligenes, Eschmichia, Mima, Pseudomonas, Serratia and Streptococcus, were examined by computer methods. Seventy-one properties of these organisms were determined, and the resulting data scored in different ways (according to various proposed techniques) before being submitted to an appropriate computer program for calculation of similarity (S) values. These comparative studies indicated that better division of organisms into mutually similar groups can be achieved when data about properties which may have several alternative expressions are handled in the manner proposed by Beers & Lockhart (1962) . The number of comparisons which contribute to individual similarity values should be held constant by adequate treatment of quantitative data and by adoption of scoring methods which permit comparisons between ' negative ' properties. It may be useful to employ distance (D = log,l/S) rather than similarity as the primary measure of relationships among groups of organisms.
Cmparison of computer methods 643 was scored in each case as three alternative 
+
Certain quantitative data were handled in a different manner in each computation. For example, properties 26 and 27, having to do with catalase production, were scored as follows: Although the calculation of S was always the same, use of different scoring conventions assured that in some cases properties 'negative' for both organisms contributed to the value of n,. We are using the termfeature here in a slightly different context than did Sneath (1957b). Characteristics of organisms are referred to as properties. Features are used in scoring; a given property may be assigned one, two or more features, according to the scoring method in use.
S values for each pair of strains were calculated by means of the CYCLONE digital computer of Iowa State University, and the strains arranged into groups a t various similarity levels by machine sorting followed by visual inspection of the data. Machine programs for computing S values and sorting of strains were substantially the same as those employed by Sneath (1957b).
RESULTS
In an initial attempt to determine the relationships among the strains listed in Table 1 , scoring was done entirely by the method of Sneath (19573); that is, each property was scored as either ' positive ' or ' negative', quantitative data were scored in accordance with his method C (Sneath, 19573) , and characteristics which could have more than two alternative expressions were scored as a series of separate features. Cell morphology, for example, was scored as follows :
When strains were sorted into groups on the basis of S values obtained in this manner, results somewhat similar to those shown in Fig. 1 were obtained. Intragroup similarities were in general quite low, and demarcations between groups were not at all clear. It was necessary, in order to achieve groupings which seemed sensible, to be quite arbitrary in deciding whether certain strains should be assigned t o one or another group to which they were almost equally similar (or, rather, dissimilar) .
The data were then rescored, treating certain quantitative properties, and those involving three or more alternative expressions, in the manner proposed by Beers & Lockhart (1962); the results obtained are shown in Fig. 1 . In this and subsequent figures, horizontal distances indicate degrees of similarity and the horizontal position of any strain in the block diagrams indicates that it is similar to all other strains in that group at the level shown. Vertical positions of strains within a particular block (i.e. group) are of no special significance. Strain numbers correspond to those listed earlier.
The streptococci (strains 42-54) are not included in Fig. 1 . In all the computer analyses performed, these organisms were clearly separated from all other strains, forming a homogeneous group with relatively high intragroup similarity and consisting of two subgroups. Although it is significant that the presence of these data did not interfere with sorting and that the streptococci could be readily separated, the actual values obtained are of no great interest and are omitted from the figures for the sake of simplicity. In computation I, the streptococci formed two subgroups with mean S values of about 0.85, which fused into a single group a t S = 0.50. There was no relationship with any other group a t S values above 0.30. (Table 1) .
Although the data summarized in Fig. 1 show in general the groupings one might expect, S values are quite low, with no very high similarities except those between isolated pairs of strains. Intergroup similarities (even between tribes of enterobacteria) are extremely low or not detectable a t all. Further, several strains appear to have found their way into the wrong groups altogether. Thus the two strains of Alcaligenes faecalis (6 and 7) appear in different groups, one of the Pseudomonas (culture 13) is in the wrong group, and one strain of Escherichia coli ( 2 0 ) joins the Serratia group. The single strain of Herellea ( 5 ) , which is presumed to be closely related to Mima polymorpha, does not join this or any other group at any level above S = 0.30. The presence of culture 8 among the Mima, and cultures 28 and 29 in a subgroup with the 'entomogenous' strain of Serratia marcescens (culture 32), are apparently valid relationships, as will be seen later.
Comparison of computer methods 647
When these same data were scored by a method which permits two strains 'negative' for a given property to be considered similar (Beers & Lockhart, 1962) , rather different results were obtained. Table 1 indicates the method of scoring (11) used to obtain the groupings shown in Fig. 2 . Measured overall, similarities are greater in this case, and groups as well as pairs of strains are now detected at a relatively high similarity level. The two Alcaligenes strains (cultures 6 and 7) now appear in the same group, and the Herellea (culture 5 ) is in the Mima-Alcaligenes group, where one presumes it should be. Culture 13, along with the two Achromobacter (cultures 9 and lo), has joined the Pseudomonas. However, three strains (Table 1) .
of Aerobacter (cultures 25, 26 and 27) appear more like Serratia than EscherichiaAerobacter-Proteus, which now have fused into a single group. Minor differences also occur in the subgroupings among the strains of Serratia (cultures 31-41). The streptococci (cultures 42-54) are omitted from Fig. 2 ; they formed two subgroups with mean S values of about 0.90, fusing into a single group at S = 0.72. There was no relationship to other groups in Fig. 2 a t any S value above 0.30. Although the results obtained by method I1 appear superior in some respects to those shown in Fig. 1 , they still leave much to be desired. Even though 'negative' comparisons are used, the total number of features involved in computation of S is not constant (and is thus a source of inconsistency) unless certain classes of quantitative data are handled in a special manner (Beers & Lockhart, 1962 It was suggested by Beers & Lockhart (1982) that distance ( D = log,l/S) rather than similarity might well be adopted as the primary measure of relationships among organisms. The data from Fig-3 were converted from S t o D values; the resulting diagram is shown in Fig+ 4. Use of D tends to make groups appear more homogeneous, by decreasing intragroup differences at high similarities and accentuating the intergroup differences a t lower similarities. The distance parameter is only a means of expressing results, of course. Figure 4, being derived from Fig. 8 , contains no information which was not already present in the latter .   Fig, 4 . Relationships among the test organisms, depicted in terms of distance ( D = log, 1 j S ) rather than similarity. Scoring method I11 was used.
DISCUSSION
It appears essential that the scoring convention of Beers & Lockhart (1962) be used for properties wherein there is no clear-cut 'negative' response, or where more than two alternatives exist. This procedure was used even in Fig. 1 , where Sneath's original scoring methods were otherwise followed meticulously. From this startingpoint, it is not difficult to extend the same reasoning to a E E tests, and consider that at least two alternative results (neither necessarily ' negative ') exist for any property of an organism which one might determine. The data in Fig, 2, 
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It is significant, however, that relatively homogeneous groups of strains, rather than merely isolated pairs of organisms, may thus be distinguished at high similarity levels. This fact considerably simplifies the problem of sorting an array of organisms into mutually similar groups, once S values have been computed. Arranging a random table of S values into groups of similar organisms presents numerous pitfalls, Ideally the computer is directed to sort out all groups of organisms in which each strain is similar to every other strain at a given S-level. In practice, a group may exist composed of, let us say, strains A, C and D. It is quite possible, however, that at a given level of S strain B may be similar to strain A, though not to strains C and D. The computer would designate a group A , B, then reject strains C and D because they were not similar to both organisms already in the 'group'. The group A, C, D would be found in this example if the machine were directed to conduct the search backward, beginning with strain D. In a larger array of organisms, however, where two or more such ' intermediate ' strains might show coincidental similarities to some members of a rather large group, such accidents could be avoided only by having the machine conduct a separate search for every possible order in which the strains could be arranged. For an array of 100 organisms, then, it would be necessary to conduct 100 factorial (about 1015s) searches, a procedure which would consume infinite amounts of expensive machine time and produce tremendous quantities of duplicate information.
Fortunately, there should exist few individuals like 'strain B' in the above example. If there actually were in nature a continuous spectrum of such organisms intermediate between groups, it would be quite hopeless to attempt to classify micro-organisms by any means. If we are not to abandon systematics altogether, therefore, we must assume that the apparent occurrence of large numbers of such cryptic individuals results from insufficient data or from inadequate methods of computation.
It is obvious that if an extremely small number of features were used for computation of S values, the ' groups ' which would appear at various similarity levels would be almost entirely a matter of chance. The low similarity level within groups when certain coding systems are used seems to result from the fact that some S values are, indeed, based on an insufficient number of features. That is, the strains which appear to be intermediate between existing groups are those which give a large proportion of ' negative ' responses to the diagnostic tests employed. The information concerning such results may simply be lost, together with any quantitative data which are available only if certain other properties are positive. As a result, some S values may be based in fact on a ridiculously small number of features. As pointed out by Beers & Lockhart (1962), unbiased selection of an adequately large number of tests which would give approximately equal numbers of positive and negative responses for a,ny appreciable variety of organisms is almost impossible in practice. There would appear to be no alternative but to adopt some scoring method which ensures that the same number of criteria of similarity will be used in computation of all S values. Figure 3, showing the groupings obtained when this was done, would indicate that definitely superior results are thereby obtained. Comparison of Figs. 1-3 shows that such treatment of quantitative data, or of other properties involving more than two alternatives, is quite important. Probably the suggested scoring system should be used for any such data, even by investigators who do not
